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COMPLETE SPECIFICATION 

Substituted Phenols 

We, Standard Oil Company, a corporation of the State of Indiana, 910 South 
Michigan Avenue, Chicago, Illinois 60680, United States of America, do hereby declare 
the invention, for which we pray that a patent may be granted to, and the method by 
which it is to be performed, to be particularly described in and by the following 
5 statement: — " " .5 

This invention relates to high molecular weight substituted phenols and more 
particularly pertains to novel substantially aliphatic hydrocarbon polymer-substituted 
phenols having substituent groups of fifty or more carbon atoms, a novel method of 
preparing these alkyl phenols and derivatives of these novel high molecular weight 
10 phenols. " 10 

Alkyl substituted phenols obtained by alkylation of phenol with olefins of rather 
low molecular weight such as propylene, butylenes, amylenes, diisobutylene, triiso- 
butylene and C 8 to Q 2 polymers of n-butene in the presence of 0.5 to 1.0 weight per 
cent BF 3 based on total of reactants at reaction temperatures are disclosed in U.S. 
15 Patent No. 2,398,253. This patent discloses optimum alkylation conditions for reaction 
of the C a to C 12 olefins with phenol: that the olefin should be added rapidly to the 
mixture of phenol and BF 3 , the reaction should be concluded shortly after the addition 
of olefin has been completed, the reaction temperature should not exceed 70°C > and 
that not more than 0.5 weight per cent BF 3 based on total reactants should be used. 
There is also disclosed in the said U.S. Patent that the use of high temperature, long 
reaction time, more than equal molar proportions of phenol or olefin and/or high 
catalyst concentration leads to formation of low melting products and/or dialkyl phenols. 

In U.S. Patent No. 2,671,117 there is disclosed a method of preparing Ci 0 to Qo 
alkyl substituted phenols by alkylating phenol with a C l0 to Q 0 olefin polymer of 
propylene, Q olefins and mixtures thereof at 60 to 100°C. using a phenol to polymer 25 
mole ratio of from 2 to 6 moles phenol per mole of polymer in the presence of 
A1C1 3 . HSO d as catalyst. 

We have found that Friedel-Crafts catalysts, H 2 S0 4 and sulfonic acid modified 
ion exchange resins when used in an attempt to prepare C 50 and higher alkyl phenols 
30 from Q 0 and higher polypropylenes or polyisobutylenes and the hereinafter defined 30 
copolymers of propylene or isobutylene with other copolymerizable monomers results 
in alkyl phenol yields of 10 to 20 weight per cent based on those Q 0 and higher 
polymeric alkylating agents. We have also found the use of less than about 0.1 mole 
of BF 3 per mole of those Qo and higher polymeric alkylating agents to be substantially 
35 ineffective for producing C 30 and higher alkyl phenols. We have also found, when 35 
using BF 3 as alkylation catalyst that at reaction temperatures in excess of about 150°F. 
(about 65° C.) the Q a and higher polymeric alkylating agent, especially polyisobutylenes 
and isobutylene copolymers whose polymer units predominate in isobutylene units, 
fragment drastically and there is produced a mixture of low molecular weight phenols. 
40 For example, when alkylating phenol with a polyisobutylene of about 855 number 40 
average molecular weight (a number average carbon content of about C 00 ) in the 
presence of 0.5 mole BF 3 per mole of polyisobutylene at 150°F. the resulting alkylated 
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phenol product has a number average molecular weight of only about 315 corresponding 

DOt V a^SSSrB^&E AND ITS COA^OUNDS 
AS CATALYSTSm ORGANIC CHEMISTRY, by A. V. Topchiev, S. V . Zav- 

5 ^odnfi 7uZ Ya M ^au^MnCtransIated by J. T. Greaves), Pergamon Press (1959) 5 
SS£ V at PagTlSS, the authors state that higher olefins alkylate phenofc ,m the 
pSce of BF 3 but indicate that high yields,, 80;/ are obtainable only when BF 3 

is used as 70 to 90% phosphoric add saturated with Br 3 . .... , . , „ 

However we have found that Q,. and higher substantially aliphatic hydrocarbon 

10 polymS Sinlfed phenols can be prepared by alkylation of phenol 

nolvmers and copolvmers of propylene and butenes, such as 1-butene and isobutyiene 
fS5 Sed in the presence of BF 3 as catalyst at temperatures below about 
SwS? one^r m^emole of phenol per mole of the polymeric alkylating agent 
^mg inTfaount the phenol in the BF 3 -phenol complex Where ante 15 

15 of phlnol is used per mole of polymeric alkylating agent, phenol perse P^^P™ 
in die phenol-BF 3 complex comprises the total moles of phenol All the phenol can 
be ^Plied as a mixture of phenol-BF 3 complex in pheno or phenol l^theU 
phenol-BF. complex can be separately added to supply the molar ^excessof phenol When 
equal mote proportions of phenol and polymer are used, the 1 : 1 phenol-BF 3 complex ^ 

20 ^^t^SS^SSl^ provides a process of preparing ; a 

aliphatic olefin hydrocarbon polymer-substituted phenol having in the polymer sub- 
S : a number average carbon content of at least 50 carbon atoms which comprises 
S phenol with a°substantially aliphatic olefin polym « hy*oc«^ a^ong 

25 aeent having 50 to 20,000 carbon atoms in the presence of BF 3 in the range ot 0.1 to 
O mKeVeof <uid from 1 to 4 moles of phenol per mole of said «Jg aung 
agent at a temperature in the range of from 30 to 180°F and thereafter removing BF 3 
and unreacted phenol from the reaction product. . , M 

For the purposes of this invention the Q 0 and higher substantially aliphatic hydro- 

30 carbon polymeric alkylating agents and the resulting subsutuents on *e ^bsGOited 30 
phenol have a number average carbon content in the range of 50 to 20,000 rtat is 
correspond to a number average molecular weight of about 700 to about 300,000. It 
will be recognized that those polymeric alkylating ^.^^Sv^lnno^ WO°F 
liquids such as a Saybolt Second Universal (SSU) viscosity of 7000 to 8000 at 100 F. 

« (300 to 350 SSU viscosity at 210°F.) for a C 5G polymer to very vbcous 35 

35 liquid and even semi-solid for a C^ polymer and to sohds for higher carbon 
content molecules such as are present in butyl rubber. The alkylated phenol products 
produced by this invention are not obtained in 100 per cent yields based on the poly- 
meric olefin alkylatig agent, but do approach 90 to 95% of theory based on the 

An unsaturated molecule content of me polymeric alkylating agent. ji.iv. 40 

The products are also referred to hereinafter as polyalkenyl substituted phenols, in 
order to denote that they are phenols substituted by a polymeric chain derived from 
an alkene: for example, those products wherein the substituent polymeric chain is a 
polypropylene are also referred to as polypropenyl substituted phenols and those 

45 products wherein the substituent polymeric chain is a polybutene are also referred to 45 

as polybutenyl substituted phenols. . 

It will also be appreciated that polymeric products generally are not composed ot 
a single molecular weight molecule but rather are mixtures of polymeric molecules 
having different molecular weights. Hence, the polymeric alkylatmg agents and the 
r. ';3tir.-?n*s on th2 dkylated phenols are dacribed with respect to size as number 

•• •* v- • a - "el i>*> . 
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The upper limit of such polar groups in the polymeric molecule or substituent 
groups is normally not more than 10 weight per cent based on the weight of the hydro- 
carbon portion of the polymeric molecule or substituent groups. 

At last 75%, by molar proportion, of the hydrocarbon units in the substantially 
aliphatic olefin hydrocarbon polymer should be derived from a mono-olefin. 

The substantially aliphatic olefin hydrocarbon polymer alkylating agents, therefore 
also the substituent groups, can be derived from petroleum fractions of Q to Qoo 
and higher carbon content which have at least 75 per cent of its component molecules 
as mono-olefinic compounds, from polymers of Q. to C 30 mono-olefins and especially 
useful are polymers of the terminally unsaturated mono-olefin hydrocarbons illustrated 
by ethylene, propylene, 1-butene, isobutylene, 1-hexene, 1-octene, 2-methyl-l-heptene, 
3-cyclohexyl-l-butene, and 2-methyl-5 -propyl- 1-hexene. Polymers having 50 to 20,000 
or more carbons obtained from mono-olefins having internal unsaturation such as 2- 
butene, 3-pentene and 4-octene, as contrasted to terminal unsaturation, are useful 
sources for the polymeric alkylating agents. 

The substituent groups and the polymeric alkylating agents can also be derived 
from unsaturated monomers copolymerizable with the foregoing mono-olefins. Such 
copolymerizable monomers can be aromatic olefins, cyclic olefins and olefins containing 
two or more double bonds. Illustrative of such copolymers are, for example, those 
obtained by the copolymerization of isobutylene with styrene, isobutylene with buta- 
diene, propylene with isoprene, ethylene with piperylene, isobutylene with chloroprene, 
isobutylene with a-methyl styrene, isobutylene with «,p-dimethyl styrene > 1-hexene 
with 1,3-hexadiene, 1-octene with 1-hexene, 1-heptene with 1-pentene, 3 -methyl- 1- 
butene with 1-octene, 3,3-dimethyl- 1-pentene with 1-hexene, isobutylene with styrene 
and piperylene, ethylene with vinyl chloride, and ethylene with vinyl acetate, among 
others. 

Ideally, for the alkylation of a phenol all the polymeric molecules in a polymer 
should be mono-olefinic. However, it is sufficient for the purposes of this invention that 
at least 75% and preferably at least 80% or up to 85%, of the molecules of the poly- 
meric alkylating agent contain one double bond, i.e. are mono-olefinic. Proportions of 
polar groups containing monomers copolymerizable with olefinic hydrocarbons can be 
readily selected^ so that the polar group content does not exceed the aforementioned 
basis of 10 weight per cent. Likewise the mole ratios of mono-olefin monomer and 
dienes, trienes, etc. polyenes can be selected to obtain polymers suitable as alkylating 
agents. The methods of preparation of the foregoing substantially aliphatic hydro- 
carbon polymers are well known to those skilled in the polymer art. The polymeric 
substituents of the alkylated phenol influence the thermal stability and oil solubility 
of the alkylated phenols and their derivatives intended for use as lubricant oil addition 
agents and hence the selection of type and proportion of monomers copolymerizable 
with mono-olefins are selected with this in mind. However, where the alkylated phenols 
and their derivatives are intended for use other than as lubricant addition agents such 
as for anti-oxidants for elastomeric polymers (especially natural and synthetic rubbers 
and vinyl polymers), plasticizers, and ingredients of functional fluids, the oil solubilizing 
and/or thermal stabilizing influence of the polymeric substituent is not a factor of 
importance. 

The ^manner in which the ingredients for the alkylating process of this invention 
are combined is not critical but certain orders of adding or combining ingredients 
provide advantage especially for high utilization of reactants and for commercial 
operation. The less viscous polymeric alkylating agents, i.e. those within a SSU 
viscosity range of 8000 to 12000 at 100°F. for example, can be used direct without 
dilution. When such less viscous polymeric alkylating agents are used, phenol and 
the polymeric alkylating agent can be combined in the necessary molar ratios, generally 
molten phenol is added to the polymer, and then the amount of BF 3 catalyst is added. 
This manner of combining reactants and BF S catalyst does not make efficient use of 
BF 5 ^ because of the phenol dilution effect of the polymeric alkylating agent. 
It is desirable to separately add the required amount of BF 3 as gas to a 
liquid form of phenol, that is either molten phenol at 108 to 120°F. or 
a solution of phenol in a small amount of Q to C 8 alkane or in light mineral oil such 
as those from white oil to solvent-extracted SAE 10 grade diluent oil. Then the phenol 
and phenol-BF 3 complex in said liquid form is added to the polymeric alkylating agent 
or the polymeric alkylating agent is added to the fluid form of phenol. The rate of 
adding the fluid form of phenol and phenol-BF 3 complex to the polymeric alkylating 
agent or the polymeric alkylating agent to the fluid form of phenol and phenol-BF 3 
complex does not appear to effect materially the efficiency of the phenol alkylation. 




4 I? "~ ■ 

Th* numeric alkvlatine agents more viscous than SSU viscosity range of 8000 
to 12000 at 100°F arVadvSLfeously diluted with an inert liquid, desirably a hydro- 

nnH nreferablv a normal boiling point of the normal U to L, 8 aiKanes wncre mc - 

5 k ?o P D?removed mere the resulting alkylated.phenol and/or xts dermtive are W be 5 

used as a lubricant additive, diluents comprising ^^^^^0^200 
hydrocarbon polymers having a number average carbon ™.«?^" ? S V2J 
sScally mmeral oils of thl grade from light white J i ° 1 ^ e ?? a ^ e S ^ S 
amenable and solvent-extracted SAE 5 to solvent-extracted SAE : e 

10 preferred These diluents can be used in any suitable amount which will providea 10 
Sv processable hquid medium convenient for stirring at 70 to below about 150 F. 
SoVeSve consumption of power, readily pumpable under ordmarypumpmg 
3dons and readily filterable. The hydrocarbon polymer diluents jwU ™rmaUy ° e 
nreTeTta tiTe range of 15 to 50% by weight of the composition, but wrth a mineral^ oil 

15 oSgrade range of from white oil to solvent extracted SAE 1 0 prefe » ibly. 25 ~ 50 ^ 15 

13 w uicgi ° atalyst ^ be readily removed from the product of the alkylation 

reaction even 'iSSgf complexed with unreacted phenol. For example, the BF 3 can 
be de^royld with water by breaking the pbenol-BF, complx or raking up free BFs 
fo forTa BF^ complex different thai the phenol-BF 3 complex. Desirably . the drferent 

20 complex is a solid complex not soluble in the reaction medium and P^Uy^ k an 20 
NH^BF, complex. Because of the ability of the C 30 and higher substantially abphatic 
hyd rocarbonTSner substituted phenol product to J™ ^T'T^^Zh 
removal of either BF- or unreacted phenol from the alkylated phenol product through 
me u^e of warer is not preferred for this reason Thus, it is preferred to neutral^ 

25 BF 3 and/or break the phenol-BF 3 complex by the use of materials which react with 25 
BF 3 and form an insoluble solid BF 3 -containing product readtiy *™ 
alkylation product by means applicable to the separation of solids ^from _ liquids isueh 
as by centtifugation, filtration, decantation, classification, etc. For this preferred- 
neutralization of BF 3 , ammonia and lower alkyl primary amines are Pr«^ d - 3<) 

30 Since some of the molecules of the polymeric alkylating agent are non-reactive 

of their saturation and/or steric hinderance of the chain double bond, it is 
SlelSe^rrecover the resulting alkylated [ P^nol^^Uyfree fr^ 
reaction diluent and from the non-reactive portion of the polymeric alkylating agent 
Tn ^uch a case the Q to C s normal alkane boiling range diluent is used to dilute the 

35 Polymeric ablating age^it and to dissolve phenol and/or phenol-BF 3 comply used to 35 
W^^h BF- catalyst. After the completion of the reaction, BF 3 is neutralized by the 
Sred teSue whereby a soh/insoluble derivative of BF 3 results^referably by 
fnS ammonia gas into the reaction mixture, and the resulting ; mixture can .then 
be subjected to separation of the undissolved sohd derivative of BF S from the Tiqmd 

40 portion of the neutralization reaction. The unreacted phenol is removed suitably by 40 
dhtiuTtion desirably aided by means which, in effect, enhance vaponzation, such as 
Teduced pressure (vacuum distillation) and the use of inert gas , or steam mjection^ at 
atmospheric or reduced pressure. Steam stripping or steam d'StiBation for phenol 
removal is preferably conducted above 210°F. before separation of the insoluble sohd 

45 dStiVe of BF 3 obtained from neutralization because not only 45 
efficiently removed, but also the insoluble BF-s derivative of neutralization ag^omerates 
and makes the remaining liquid more readily filterable. Agglomeration ^ the Particles 
ofthe solid derivative fo°rm of BF 3 , especially the NH 3 -BF 3 and lower alky (<V o C£ 
primary amine complexes with BF 3 can also be accomphshed during mert gas stripping ^ 

50 ° f Ph Ss at in 5 a preS process according to the present invention the hydrocarbon 
alkylating a^nt is polypropylene or polyisobutylene of a number average molecular 
ESta tif mnleof 700 to 2800, me amount of phenol is, in the case of polyiso- 
Sene" 2 0 uTl.O moles per moh of polyisobutylene, the BF 3 is neuttajized with 

« aSunonia the unreacted phenol is removed by distillation at 350 to 500°F aided by 55 
iwTas' mjecti^n during which the solid ammonia-BF 3 particles agglomerate, and 
me^tenol^ee reaction product is filtered to remove said solid ammonia-BF 3 product, 
wfomeration of laid insoluble BF 3 complexes can also be accomphshed at lower 
ttlSture e g 210 to 350°F, by the use of steam. Where .filtration is the solid- 

60 Cld^ration means used, the NH 3 -BF 3 particles fonning dunng the BF o neutiuhza- 60 
tion are extremely small and render nitration very difficult, if not impossible, to carry 
om in the absence of providing conditions causing agglomeration of the fine insoluble, 

^ffi SSSSXti^ is desirably conducted so that a minimum of 
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water accumulates in the steam treated reaction mixture. Preferably the steam stripping 
or distillation is conducted at 300°F. and above, in the range of 300 to 350°F., so that 
later drying of the steam stripped product is facilitated and the aforementioned BF 3 
neutralization product agglomeration is attained. Drying is accomplished by injecting 

5 an inert gas such as nitrogen or mixtures of nitrogen and carbon dioxide, into the 5 
steam treated product before or after solid-liquid separation, preferably before, and 
preferably at 300 to 500° F. although a temperature above 200°F., say 250°F. and 
higher is suitable where drying only is to be accomplished. The higher drying tempera- 
tures result in shorter drying time and, conversely, the lower drying temperatures 

10 result in longer drying time. 10 
The unreactive low molecular weight portion of the polymeric alkylating agent can 
be removed by distillation preferably aided by steam or inert gas stripping. When 
alkylated phenols are prepared in light oil diluents, such products can be contacted with 
silica gel and the silica gel eluted with hexane, heptane, octane, etc. The contacted 

15 and eluted silica gel is further treated with ether to obtain an ether solution of the 15 
alkyl phenols. Evaporation of the ether leaves the alkylated phenol product. The 
alkylated phenols prepared in the presenc of C 3 to C s alkanes as reaction diluents can 
be recovered free from unreactive polymer by die same technique after removal of the 
reaction solvent. 

20 By definition, the polymeric alkylating agent is a substantially aliphatic hydrocarbon 20 

polymer. Desirably the polymeric alkylating agent is derived from propylene or butenes 
such as isobutylene or mixtures of 1-butene, 2-butene and isobutylene such as are 
present in a butane-butene fraction, as the principal or sole monomer. Preferably the 
polymeric alkylating agent is derived from mainly propylene or said butenes as one 
25 monomer and a rather minor portion of a second copolymerizable comonomer so that 25 
there is present in the polymer molecules from 90 to 100% units of propylene or said 
butenes and from 0 to 10% units of the second monomer. The polymeric alkylating 
agents predominantly of units of said butenes are the most susceptible to fragmentation 
during the alkylation reaction. When these predominantly butene polymeric alkylating 
30 agents are used as alkylating agents, care should be exercised in the selection of such 30 
alkylation conditions as reaction temperature and BF a content of alkylation reaction 
mixture. Although the amount of BF 3 used as catalyst and based on the polymeric 
alkylating agent can be varied from 0.1 to 1.1 mole per mole of polymeric alkylating 
agent, the lower of these mole ratios, e.g. 0.2 to 0.6, result in less fragmentation of 
35 said more susceptible fragmenting polymeric alkylating agents. In general, reaction 35 
temperatures in excess of about 150°F. need not be used and the alkylations even with 
said polymeric alkylating agents more susceptible to fragmentation desirably are 
carried out at 140°F. and below, and preferably at 30 to 120°F. To reduce the frag- 
mentation during alkylation of phenol with the more susceptible polymeric alkylating 
40 agents whose molecules consist predominantly of said butene units, phenol desirably is 40 
used in an amount greater than a 1 to 1 ratio, preferably in a ratio of 1.5 to 3 moles 
phenol per mole of polymeric alkylating agent. Alkylation of phenol according to the 
process of this invention at the preferred reaction temperature range rninirnizes sub- 
stantially the fragmentation of the polymeric alkylating agents predominating in either 
45 propylene units or units of said butenes. It will be understood that the process of this 45 
invention has as its main objective the preparation of alkyl phenols having an alkyl 
substituent of 50 carbon atoms and above up to 20,000. Hence, to achieve this objective 
a polymeric alkylating agent with substantially more than 50 carbon atoms can be used 
under conditions providing fragmentation thereof as long as a substantial yield, about 
50 50% yield of the C- 0 alkyl phenol (Q 0 number average carbon content) or higher carbon 50 
content alkyl phenol is produced. A secondary objective is of course to conduct the 
alkylation with the polymeric alkylating agents more susceptible to fragmentation under 
conditions suppressing fragmentation. As will hereinafter be demonstrated by the use 
of various combinations of reaction temperature, mole ratios of phenol and BF 3 catalyst 
55 to the polymeric alkylating agent conditions for alkylation according to the purposes 
of this invention can be chosen to tolerate various degrees of fragmentation of the 
polymeric alkylating agent, and still attain the aforementioned primary and secondary 
objectives. 

The present invention also provides, as a new composition of matter, a substantially 
60 aliphatic olefin hydrocarbon polymer (as hereinbefore defined)-substituted phenol 
having a polymer substitutent which is derived from a mono-olefin and which has a 
number average carbon content in the range of 50 to 20,000 carbon atoms. 

Fragmentation does not appear to occur with any selection with respect to any 
particular molecular weight within molecules of any particular number average mole- 
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LO stantially the same, but with the curve of ifc/tefr ThTshift to 

wto Sspea to the molecula* weight distribution of the startup polymenc aU*togg 
a-ent amounts to a lower number average molecular weight of 0.1 to 1.0 /„ tor poty 
ic meric Xlating agents having predominantly propylene units and. 8 to JQ% tower 15 
15 mfmher arcraee molecular weight to polymeric alkylating agents having predominantly 
numb er average m0 £cuuir ™« e u i m , / mixtures thereof at controlled 

nSbraverage molecular weight of polypropylene or predominant* propane 
20 meric alkylated phenol appears to correlate to the splitting off of a QE, group, most 
nkely aT tertiary-butyl groups near the double bond in the polymer molecule since 
evidence of such a tertiary-butyl moiety has been found. . 
evidence of such a ter y to conducting the alkylation process of this invennon com- 

nris JseoaraLw adding BF, gas to a fluid form of phenol in an amount of phenol to 
25 Dhenol^ to polymeric alkylating agent desired and the mole ratio of BF 3 25 
25 provide the phenol to 1°^^ d y Tht % h ° ao i p henol-BF 3 complex or phenol- 

ST?TSSSSir^tiTdffi? undLted' polymeric alkylating agent at 
«n rn i50°F and 1 the temperature of the resultant mixture is adjusted with or without 
Sat removai m mamtaTtiie desired reaction temperature up to but not exceedmg 
30 2S/S3SS Unlike prior art processes, it is advantageous » ^ f f ^| 0 ^ 

S amine is Ejected into tE reaction mixture 2 to 5 hours ^ Ae^ol and 
BF- has been added for the purpose of neutralizing the BF S . Thereato, «frtgas or 

35 steam stripping of the reaction mixture is conducted at about ambient pressure for 35 
oTro 5 hourl at a temperature of 210°F. and above as aforementioned, untd no 
tether Phenol appears in the condensate. Usually low molecular weight portions of the 
unacted [polymeric alkylating agent and low molecular weight ^ents thereof ^ are 
aUo remold by the steam shipping ahead of phenol and some slightly higher mote- 

40 cuto weight materials may come over with the phenol but these portions of the 4C 
PoffmeTSylating agent remain liquid whereas phenol solidifies upon cooling. After 
the phenol has been removed, the remaining portion of the reaction mixture is dried, 
OS to 2 hours at 300 to 5o6°R, aided with injection of inert g^such as n,troge£ 
ordinarlv will be adequate. The dried mixture is then filtered When the C, to U 

45 boiHng range alkane Is used as reaction diluent, the alkane diluent is «™*b. At 

43 evaporation? distUlation or inert gas stripping prior to the steam, or 

stripping and after neutralizing the catalyst. Filtration of the dried product removes 
me Loluble BF 3 neutralization product. The alkylated pheno [product is a .telauvely 
viscous liquid and the light oil solution of alkylated phenol, ^Jf^ tt jg" 5( 

50 reaction solvent and retained, is also relatively viscous at even 210°F. Thus fiction 51 
wkh 4e product or light oil solution at 250 to 350°F. can be used to advantage m 
facilitating the filtration. . - f«, m n f 

As aforementioned, the BF S catalyst ^^.^ a liquid torn of 

phenol for then the BF, is not a gas but rather is completed with phenol The phenol 

55 BF, complex contains equimolecular portions of BF, and phenol. ^"f " * *ff„ d 
to use one mole each of phenol and BF, per mole of polymenc alkylating agent, e.g- 
Z Ae action of phenol with polypropylenes and copolymers pred °minatoigm 
OToPvleneunits, one mole of BF, for each mole of liquid form of phenol are combined 
by addTng BF-'gas to the liquid form of phenol. For the use of one or more : moles of 

fin ohenol and less than one mole of BF, catalyst per mole of polymeric alkylating agent, 6 

60 gf? 1 w S3.BF? product can be diluted with additional phenol until the mixture 
Las Jie dS ratio of phenol and BF, and aliquot portions of .this mixture are used 
ro provia^oth the phenol and BF, catalyst. Also, the P^^.W^ 
phenol and BF* to be used in the alkylation reaction are combined by adding a 

65 weSed amount of BF, gas to a liquid form of phenol. Alternately, where one gram 6 
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mole of a polybutene or copolymer predominating in units of butenes is used with 2.5 
gram moles of phenol as the selected molar excess of phenol for alkylation and 0.3 
gram mole of BF 3 is selected as the level of catalyst, 20.3 grams (0.3 gram mole) BF 3 
gas can be added to a liquid form of phenol containing at least 0.3 gram mole phenol, 

5 and the resulting product and additional phenol to provide the 2.5 moles thereof are 5 
charged separately. However, it is more convenient to combine the total amount of 
BF 3 with the total amount of phenol to be used and then charge together to the 
alkylation reactor. We have found that a weighed amount of BF 3 gas can be injected 
into molten phenol at 108 to 120°F. or a solution of phenol at 100 to 120°F. without 

10 loss of BF- as long as at least equimolecular portions of phenol and BF S are used. The 10 
preparation and storage of the compositions containing the BF 3 and phenol under 
moisture free conditions is preferred to prevent decomposition of BF 3 by hydrolysis. 

The following alkylations of phenol with a polypropylene (number average mole- 
cular weight of 800) in the presence of BF 3 -dimethyl ether complex mixed alkane 

15 sulfonic acids and sulfonic acid modified ion exchange resin as catalysts are given to 15 
show the substantial ineffectiveness of these materials to promote the formation of 
Cso and higher alkyl phenols. 

BF 3 Etherate Catalyst 
To a tared flask fitted with a dropping funnel, stirrer, thermometer and heatine 

20 mantel there is charged 188 grams (2.0 gram moles) phenol. The phenol is heated until 20 
all of it melts, about 110°F. Then, without further heating 140 milliliters (154 3 
grams) BF 3 dimethyl etherate is added in 85 minutes by means of a dropping runnel 
Thereafter a solution of 1600 grams (2 gram moles) of 800 number average molecular 
weight polypropylene in 1000 milliliters of n-hexane is added over 130 minutes by 

25 means of a dropping funnel to the mixture of phenol and BF 3 -etherate while the 25 
mi ^TV S A S c^ ed ;i T i* m \ xture becomes deep purple in color as the polymer solution 
is added. After all the polymer solution is added, the reaction mixture is stirred for 
75 minutes and then 500 grams of water are added to destroy the BF 3 catalyst The 

in SfT? ! m ? mr \£n^ ashec * several times with water - The water washed mixture is 
30 heated to about 300°F. and steam stripped for 3 hours to remove unreacted phenol, 30 
the heated to 420°F. and dried with injection of nitrogen. The resulting product! a 
bright liquid. By analysis, it is found that the bright liquid contains an f/ Q yield of 
polypropyl substituted phenol of 838 number average molecular weight, C° number 
average carbon alkyl phenol. * h ** numoer 

35 Mixed Alkane Sulfonic Acid Catalyst 35 

rl ( ^cJ° Q ^ t t re ^ flaSk fittC i d . ith a dr °BP h * frnnel, stirrer, thermometer, reflux con- 
denser and heaung mantel, there are charged 1800 grams (2.09 moles) polybutene of 

?20 ^ r ^ VC !? g ^ m0leC ^ ar ( about 300 TO (318 moles) pSand 

120 grams mixed alkane sulfonic acids. The mixture is heated to 260°R and held at 

S ZrT 6 f ° r 5 5 0Urs ? hiIe va P° rs from * e reacti0 * ™re « ^ condensed 40 
and condensate returned to the reaction by the reflux condenser. Thereafter *e 

c^^ n K miX u fe 18 Wa f h t d twice with water > oncc wth an aqueous solution of SV 
420oT S^^?* th6n ^ ™* ™ ter - T1 * washed organic HqmdTd^kd at 

45 £5d *coSn?d SET n f 8 By i 3DalySis k is found * at * dried organic 

«q^ % contained 889 number average molecular weight Q 7 alkyl phenol in a yield 45 

Sulfonic Acid Modified Ion Exchange Resin 
1 7 c onn adde ? to a tared flask of TV P e Previously described, 80 grams (0.1 
50 Xenol°LH 1 molec } J i ar ™§ ht Polypropylene, 9.4 grams (0.1 mole) 

hS ^no# ramS M° f SU ^ mC a ," fie ? ion exchan S e resin - Thi s mixture is 50 
heated to ;230 o R, held at 220 to 250°F. for 16 hours and then held at 280°F for 

iQA^ rS '- T 5- ^ lon mixture ] s filtered and the filtrate is heated to 150 and up to 
180 F. in distillation apparatus at reduced pressure, about 10 mm He. for 3 hours- 
however, no phenol condensate is obtained. By analysis it is found that the resulted 
5o liquid product contains an 825 number average molecular weight C- 2 alkyl phenol 55 
in an amount representing a 4% yield. y pacuo1 55 

The results of the foregoing preparations are not indicative of feasible catalytic 
routes to C 50 and higher alkyl phenols. In contrast to the foregoing, comparison of 
the results of the following illustrative examples of the process of this invention clearly 
60 1 ^ £ a feasible a** advantageous route to the C 50 and higher alkyl substituted 60 



molecular weight (number average carbon Si^temperature while 

n-hexane. The resulting polymer solution is stirred slowly £ amount ^£ lex providing 
210 milliliters (258.3 grams) of a mixture of phenol and P^S^wf minute! 
a total of 1.975 moles phenol and 1.07 J^^g ^perature uM- 

it^o required after all of 

is washed several times with water. A hazy ^S^^^^S^S^mi then 
some suspended water. The hazy liquid « heated to ^ °ff »e hexane ano^ 
dried at 300 to 350°F. By analysis the alkyl phenol «_J" g e g gg^Uj The 
found to have a number average molecular weight of 854 (894 is ^?°; e "^ 
rouiia 10 nav t a ~ n Hiirt i<! found bv analysis to be 1.67 ^ t>y weigm. 

oxygen content of the dried product is i°"" u " y * J in - 0/ R< - 4 number average 
inditing the presence of 89% by weight alkyl phenol 1 Sj h ^r»tTte 

number average alkyl phenol product has a numoer average o« j„ frflred soectrum 

cular weight alkyl phenol and 11/, ™**^P£2L colvpropylene by dissolving in 
\™^%£TsUi£ JtaSSta wl^yl ethJand evaporat- 
SfS^SSS ^hetsX Sftantially liquid alkyl phenols having a number 

""SSS^ W -lecular weight willl be designated «NAMW» and 
number average carbon content will be designated NACA. . 



Example 2 /1 c A i-w\ 

To apparatus described in Example 1 there are addedW fggftjg^g? 
phenol, 600 milliliters of n-hexane, and a soto of l^^Heated until the 

propylene in ^^^^^^S^SSS addict BF S gas is injected 
phenol s dissolved, about 120°F. ^herearter wi muu solution is pink. The 

fnto the solution until about 1.5 mole is ^J^^^foo ^ams of P water are 
resulting solid is vigorousl f »^ f «2^SS5dS«tu«^ transferred to a 

thiS ^e iS^wSSdlSSic liquid is ^»^"^sifc3$. 

strippS for 105 minutes. Thereafter 

under reduced pressure in vacuum ^"^/^X^mLSiSe polypropylene. The 
removal of water, phenol and bght fracfcons, of the Jg^/SJf te contain 
resulting liquid product is an orange-brown liquid ana is iuuuu / 
855 NAMW alkyl phenol. example 3 

The process of Example lis ^ated except dnatrte ^KM^gg^ 
is combined with 800 grams of ^^^fJ^^^Scdoa mixture is 
phenol plus P henol-BF 3 «»P£ » ? md^elemperature of the mixture 

noticeably more viscous than that ° f ^ampie i anaw | ^ ^ 

did not increase as much as m Example 1 Water a^^^^^ed which 
and to wash the oil solution of product However, a warer m 

suspended and readily separate from the oil. . in}ec tion during vigorous 

^The water-in-oil «"^» tg^e* So ?eUow m color. Therlafter, the 
stirring. The organic liquid phase Became * gui^u j 
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mixture is heated to about 350°F. and nitrogen gas is injected into the liquid until 
about 30 minutes after increase in water condensate ceases. Thereafter, the liquid is 
filtered through a bed of "Celite" (Registered Trade Mark) and a bright (clear) organic 
liquid is obtained having 854 NAMW alkyl phenol dissolved in solvent-extracted 
5 SAE5WoiL 5 

Example 4 

To a flask, as described in Example 1, there is added 400 grams (0.5 mole) of 
800 NAMW polypropylene. The polypropylene is heated to 150°F. and 52 milliliters 
of a liquid phenol having 2 moles phenol for each mole BF S is added slowly over 30 

10 minutes by way of a dropping funnel. The liquid phenol-BF a mixture provides 0.5 mole 10 
phenol and 0.25 mole BF S . After addition of phenol and BF 3 . the resulting mixture 
is vigorously stirred for 5 hours, and its temperature is maintained between 140° and 
150°F. Thereafter, ammonia is injected into the liquid reaction mixture until 300°F. 
about 0.3 mole NH 3 is added, then the reaction mixture is steam stripped at 300°F. 

15 for about 3 hours, filtered and the filtrate stripped by nitrogen gas injection into the 15 
liquid at 300°F. for about 3 hours. The dried liquid product contains 892 (theory is 
894) NAMW alkyl phenol and has an oxygen content of 1.65 weight per cent (theory 
for 892 NAMW is 1.792) indicating that the liquid product has 92% of the 892 
NAMW alkyl phenol. 

20 Example 5 20 

The process of Example 4 is repeated except that 447 grams solvent-extracted 
SAE5W grade oil are added to the polypropylene. The resulting dried oil solution 
contains about 47% 892 NAMW alkyl phenol and has a viscosity of 1343 SSU at 
100°F. and 82 SSU at 210°F. 

25 Example 6 25 

To a flask of the type hereinbefore used, there are added 800 grams of 800 
NAMW polypropylene and 536 grams solvent-extracted SAE5W grade oil. While 
stirring the oil-polypropylene mixture, 105 milliliters (128 grams) of the phenol plus 
BF 0 described in Example 4 are added in two 52.5 milliliter portons in five minutes. 

30 Slow stirring is continued for 30 minutes. Then vigorous stirring is carried out for about 30 
4 hours. During the vigorous stirring > the reaction mixture temperature increased from 
ambient temperature, about 78°F., to about 113°F. Thereafter, ammonia is injected 
into the reaction mixture and the temperature thereof increased to 130 — 135 °F. The 
ammonia injection is continued until the color of the reaction mixture turns from red 

35 to golden yellow. The ammonia neutralized reaction mixture is heated to 300°F. and 35 
steam stripped for 4 hours, stripped with nitrogen for 90 minutes and filtered. The 
resulting product, 892 NAMW alkyl phenol dissolved in solvent-extracted SAE5W 
grade oil has a viscosity of 3898 SSU at 100°F. and 130 SSU at 210°F. 

Example 7 

40 To apparatus of the type previously described, there are charged 70 grams (0.75 40 

mole) phenol and 500 milliliters n-hexane. This mixture is stirred and heated until 
the phenol dissolves and thereafter without further heat input BF 8 gas is injected into 
the solution until about 0.75 mole is charged. By means of a dropping funnel a solution 
of 1100 grams (1.0 mole) of 1100 NAMW polypropylene in 600 milliliters hexane is 

45 charged in 90 minutes. The reaction mixture became dark in red in color. The reaction 45 
mixture is stirred for about 16 hours without addition of heat and remains at ambient 
temperature 72 to 75°F. for the 16 hours. The catalyst is then destroyed by adding 
500 milliliters of water to the reaction product and the resulting mixture is stirred for 
30 minutes, transferred to a separatory funnel, the water layer removed and the organic 

50 layer (hexane solution) is washed several times with water. The water washed hexane 50 
solution is dried over magnesium sulfate. The dried hexane solution is transfererd to 
distillation apparatus and hexane is removed by distillation. The residue is heated at 
reduced pressure but little phenol is recovered. The hexane and phenol free residue is 
found to have a 1108 SSU viscosity at 210°F., and by analysis to contain 0.75% 

55 oxygen and alkyl phenol of 1140 NAMW. From the oxygen by analysis and calculated 55 
oxygen content of 1140 NAMW alkyl phenol, it is determined that the hexane and 
phenol free residue contains 52% 1140 NAMW alkyl phenol. A 1140 NAMW alkyl 
phenol has an alkyl size of 74 NACC. 

The 1140 NAMW alkyl phenol in the hexane and phenol free residue of Example 

60 7 can be recovered by contacting it with silica gel, washing the silica gel-alkyl phenol 60 
with n-hexane to remove unreacted and unreactive polypropylene, extracting the silica 
gel-alkyl phenol residue with ether and evaporating the ether. 
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Example 8 

ratio of tvro moles phenol and one mole BFs is added to the solution of said poly- 
ene The SuVe is stirred for 5 hours and then neutralized —a. The 
neSized nature is heated from ambient temperature to 300°F stripped with 10 

10 s^to 45 Stes and then stripped with ^^VThS'rf Se 
nitrogen stripped product is filtered at 300— 320°F. through a bed of Celite ine 

SSffpS5R. P d«r, has an oxygen * ^ * 

of 609 SSU at 210°F. and a viscosity of 38,880 SSU at 100°F. 

Example 9 ^ 
15 There is charged to apparatus previously described 100 milliuters n-hexane and 

200 grams of me Ught oil solution of 70,000 NAMWpolybutene described in Eraufe 
8 The resulting solution is stirred and cooled to 36°F. and 10 grants of an 8 mole 
phenol-1 0 mole BF. product diluted with 30 grams phenol is. added to die solution 
of said polybutene. The temperature of the reaction mixture increased slowly from 20 
20 36°F to about 90°F. while stirring for about 5 hours. The hexane is then removed by 
distillation The hexane-free residue at 300°F. is stripped by steam injection t for .135 
nunutes and then by nitrogen injection for 90 minutes. The nitrogen-stripped I residue 
S « 29c£-300°F. The filtrate is a bright, clear, amber colored hqu.d having a 
05 viscoStTof 3315 SSU at 210°F. The alkyl phenol in this product is of ™**Jg" 25 
23 molecular weight than that in the product of Example 8 as the difference in magnitude 
between the 210°F. viscosities clearly indicate. 



Example 10 



Two hundred grams of butyl rubber cubes are dissolved in 2 liters of hexane. 
30 This hlxane so u? i0 8 n is charge d to apparatus of the type previously d^crAei The 30 
sohttion is stirred and heated to 80°F. Without any further heaong, "J"^""* 
165 crams of a phenol-BF 3 product having one mole BF 3 for each 6 moles phenol 
£S! 1.57 moles phenol) is added rapidly to the hexane solution of butyl 
SLr atS^F The resulting mkture is stirred for 20 ^.^^. at h ^% 3 5 
« temnerature <72°F) The resulting mbrture is neutralized with ammonia; hexane is 
35 driven ofl at 100»F. As the hexane is driven off, 1000 grams of ^Ive^acted 
SAE5W grade oil is added. The resulting solution in solvent-attracted SAE5W od is 
found by analysh to have a hydroxy number of 4.0 (4 milequivalents of KOH per j^am 
of product) and an oxygen content of 0.403 per cent weight. The alkyl phenol in said 
a 0 So ? solvent-extracted SAE5W grade oil has an alkyl Wf o ^ 40 
of units of isobutylene and minor amounts of C, diene in the ratios present in the 

butyl rubber. 

Examples 11 to 13 
In each of these three examples a solution of 1500 grams (0.583 mole) of 2576 

'5 NAMW polybutene in 1500 milliliters n-hexane is initially charged to ap^uams 45 
piSly P de y scribed. Different mole ratios of phenol and BF 3 per mote of Po^jene 
^reused at sli^htlv different reaction temperatures. Phenol and BF 3 are added as 
^id mtores of phenol and phenol-BF 3 complex and each liquid mixture is added 
Sly *S£» off dro PP ing P funnel. Stirring of the ^°°^£™ ^£ 5C 

50 for abow 3 hours after addition of the liquid contaimng phenol and BF,. to each case Dt 
ammonia is used to neutralize the catalyst, the hexane solvent is distilled from the 
nXfeed ruction product, this hexane free product is stripped w.di steam at 320°F_ 
for about 135— 145 minutes, the steam stripped product is dried « 320°F. aidedby 
ntoo^en injection and the dried product is filtered. There is tabulated m TABLE I 

55 me Amount of Thenol in moles, the amount of BF a in moles and me temperature at 5. 
wU Te ptaff ana BF 3 are added. ("Start") the temperature at die end ofsatd 
Tddition ("BF. in") and the temperature at the end of the 3 hour a^raal stirrmg 
f«End^ Also shown in TABLE I are the respective alkyl phenol NAMW, the alkyl 
phenol coment ofTe dried product in weight per cent and the number average carbon & 

60 content (NACC) of the respective alkyl group substituents. 
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Example 19: 1.0 mole polybutene — 2.04 moles phenol — 1.145 mole BF 
Example 20: 1.0 mole polybutene — 2.0 moles phenol — 0.5 mole BF ; 



s 

3 



_ Example 19 

To reaction apparatus of the type previously described there are charged 550 
grams (0.27 mole) 2040 NAMW polybutene and 500 miUiliters hexane. This mixture 
is stirred at ambient temperature (about 72°F.) until a solution forms. Thereafter with 

5 the solution at ambient temperature and with slow stirring 60 milliliters (73 grams) 5 

of liquid reaction product of phenol and BF 3 having 52 grams (0.553 mole) phenol 
and 21 grams (0.31 mole) BF S is added dropwise. The mole ratio of reactants and 
catalyst are 2.04 moles phenol and 1.145 moles BF 3 per mole polybutene. The reaction 
mixture is stirred vigorously for three hours after the completion of addition of the 

10 phenol-BF 3 liquid, temperature increases to about 90°F. The catalyst is dsstroyed by 10 
adding 500 milliliters of water saturated with sodium chloride at 72°F. This mixture 
of organic and aqueous liquids is stirred vigorously 15 minutes, transferred to a 
separator? funnel, the aqueous layer removed and the organic layer washed several 
times with water saturated at 72°F. with sodium chloride. Hexane is removed from the 

15 salt-water washed organic liquid by distillation. The organic liquid residue is steam 

15 

stripped at 280°F. for about three hours and then stripped with nitrogen injection at 
300°F. for about three hours. The resulting product has an oxygen content of 1.36 
per cent by weight and contains a polybutenyl-phenol of 831 NAMW (oxygen content 
of 1.92). Thus there is about 71% of the 831 NAMW polybutenyl-phenol in the dried 
20 product. 20 

Example 20 

To reaction apparatus of the type previously described there are charged 1740 
grams (0.85 mole) 2040 NAMW polybutene and 820 milliliters hexane and these 
materials are stirred until a solution forms. The solution is stirred slowly while over 

2:> 30 minutes there is added dropwise 222 milliliters (255 grams) of a liquid mixture 25 
containing phenol and BF 3 in the ratio of 4 moles phenol to 1.0 mole BF 3 . The tem- 
perature of the reaction mixture increases from 72°F. (temperature at start of phenol- 
BF 3 addition) to 90°F. after 2.5 hours of vigorous stirring following phenol-BF 3 
addition. The catalyst is destroyed by ammonia gas neutralization. The neutralized 

30 mixture is heated to 300°F. and from 160°F. to 300°F. nitrogen gas is injected to 30 
remove 600 milliliters hexane. Nitrogen injection at 300°F. and 1.5 cubic feet per hour 
(measured at 72°F. and atmospheric pressure) for an additional 15 minutes removed 
the remaining 220 milliliters hexane. The hexane-free organic liquid is steam stripped 
at 300°F. for 4 hours and then is dried at 300°F. with nitrogen injection at 1.5 cubic 

35 feet per hour for one hour. The dried organic liquid is filtered to remove the agglomer- 35 
ates of BF 3 -NH 3 . The phenol recovered by steam stripping is 110 grams, therefore, of 
the 160 grams charged 50 grams (0.532 mole) reacted. The dried reaction product is 
found to contain about 70 mole per cent calculated from its hydroxyl number of 1345 
NAMW polybutenyl phenol. 

40 The mole ratio of reactants and catalyst charged expressed on the basis of one 40 

mole 2040 NAMW polybutene charged for Examples 19 and 20 are: 



Thus the higher mole ratio of BF 3 used in Example 19 resulted in a more severe 
45 fragmentation of polybutene resulting in 831 NAMW polybutenyl phenol product than 45 
did the use of lower BF 3 ratio in Example 20 producing 1345 NAMW polybutenyl- 
phenol. However, even the use of one or slightly more than one mole of BF 3 per mole 
of polybutene does result in the production of C 50 or higher alkylated phenol The 
831 NAMW polybutenylphenol produced in Example 19 has about 52 NACC (or 13 
50 C 4 H g units) and the 1345 NAMW polybutenylphenol has about 88 NACC (or 22 50 
C 4 H 9 units). 

Example 21 

To reaction apparatus previously described there are charged and stirred 0.735 
mole 2040 NAMW polybutene and 1500 milliliters hexane. To this stirred mixture at 

55 82°F. there is added a liquid mixture of 1.98 moles phenol and 0.383 mole BF 3 55 
over 25 minutes while slowly stirring the reaction mixture. The temperature of the 
reaction mixture increased from 82°F. to 90°F. in the 25 minutes of phenol and BF<, 
addition. The resulting reaction mixture is then vigorously stirred for 2.75 hours at 
90°F. and then neutralized with ammonia. The neutralized mixture is stripped of 

60 hexane in 1.25 hours at 320°F. aided by nitrogen gas injection, steam stripped 300 
to 320°F. for 2.25 hours and dried at 320°F. for 0.75 hour with nitrogen injection at 
5 cubic feet per hour (measured at 77°F. and atmospheric pressure). The dried organic 
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31 are set forth in TABLE III which follows. 



.10 



1,159,368 



15 



8 
ft 

I 

© 
CM 

I 
1 



O 

1 



£8 

2 



§ 

P-i 

3* 



o 

I 

H 



4-1 

c 
c 

6 



CM 

I 

55 



T3 

.3 



PQ 



« 
CO 



PQ 



■3 » 



3 3 



— i CM 
CM CNJ 



s 



VO 
VO 



ON 



O 

CM 



o 



CM 



o 
oc 



o 



as 



in 

VO ON 

in 



in 
oo 



VO 

S3 



00 


OO 




CO 




oo 


r- 


CO 


© 


c 


t-- 


aj 






CO 


CM 


CM 


§ 


0\ 




in 




Tt« 


§8 



VO 



CO 
00 



VO 

in 



vo 



in 



vO 



CM 



VO 



m 
on 



m 
oo 



in 

Ov 



o 



CM 
C*- 



o 

00 



o 



CM 



CO 



OO 



o\ 



o 

00 



00 



in 
co 



CM 



o 



CM 
CO 



CM 



co 



CM 



VO 



CM 



co 

VO 



o 

VO 



CO 

m 



CM 

in 



cm 
in 



CM 

in 



to 



CO 



in 



CM 



CM 



CM 



CM 



CM 



CM 



CM 



CM 



CM 



CM 



CM 
CM 



CO 
CM 



TP 

CM 



in 

CM 



vo 
CM 



CM 



00 
CM 



OS 
CM 



O ~+ 

CO CO 



s 

f— I 
CM 

O 
T* 

on 

+ 

© 

CM 

• * 

I 
1 

1 



i 

a 

f 

1 

0 
.2 



a. 

»— I 

I 



CO 



SB 



p 

OO 

oo 

§ 

8 



(4-4 



00 
CO 

S3 

f-H 

CM 



& 




& 


CO 


CO 


CO 


CO 


CO 


CO 


c^- 


CM 








S 




0 


00 




CM 






U-< 




O 


O 


•8 




Pi 





CM 

CO 

8 



52 
o? 



CM 
& 

CO 

8 



3 



1 



CM 

& 

3 



CO 

o 
u 



CM CM 

W »T-| 

CO 

O 

O 

CO 

g 



3 
I 



"W" V-P* W W >^1» W >M» 



16 



10 



15 



20 



25 



30 



1,159,368 

The high MS 
substantial polybutene d ^ a *^ 

especially when compared to Example ^P^*^^ is pro- 

same ratio of BF 3 to polybutene is used and -UJ ^^^/fif ^ the BF 3 mole 

influence on polymer de|radation or fragmentation than above indicated. This is demon 

X^pS'alSa^^ 

in tne pneiiui ai ^^ sW d ^ as ^ polybutene solvent for the 

JS^SSSTSffS^ 2 r^oved and go /eM 

Sve^TS^ solven^extxacted SAE 5W oil but also ^reacted and nnreamve 
nn^hn^ne and to isolate the polybutenylphenol products. Their molecular weights 
fflw ^e dett m n e d The P aikylation reactions are conducted as hereinbefore 
Ascribed Phenol and BF 3 are added slowly as a liquid product to -the solution of 
^lvmel in oil Vigorous stirring of the reaction mixture after BF 3 addition for 2 to 3 

f s nltered to remove solid BF 3 -NH 3 The pertment data for Exampte 32 » « J 
l ow „ in Table IV. The only new column headings are: 'WR oil to FS to designate 
ST^yStt So of solventixtracted SAE 5W oil to polybutene osed,. < V*« tt 
On" used to designate the polybutenylphenol weight concentration in the jsolvent- 
exttactT SAE 5W oil solution and «210°F. SSU" to designate the viscosity of the 
solvent-extracted SAE 5W ofl solutions of polybutenylphenol at 210°F. m 
Saybolt Seconds Universal. 
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It will be noted from the 210°F. viscosities of ? e J^^NM^aboI 
oil solutions that the polybutylpheno of ^j^^UsIng ^ "tSAW 
1706 which is the NAMW P^f^P^ °^^ a ??« ^SSkSl be seen 
values of Examples 34, 40 and 43 (1529 17 2^JZ 5 4SnSW£ 27 reaction 
5 that high reaction temperatures are "^..^^^J ^Tand 27). It will be noted 

diluent as when hexane is the reaction diluent (Examp es Z3 ana z/;. xx v 

Sat when oil is the reaction .diluent rf^Z^Zon ov£ rJSfoa tempera^ 
do not produce such a drastic ^^^fe?^^ frJSK Ldication of 

» ^lar^Sht 5^-1^^^^4- 42 — ' ^ 10 
^Al SBSS^^SScT-d mgher substantiaUy aH ££M£dK 

Se phelol^ respect to die starring polymeric alkylating "S^V"**^ 

bZlene are commercially available products and have been for quite : some ame Even 

preferred conditions are used to advantage where it is desired t 0 niaxunize ™ a ™? 3Q 
, 0 of phenol and polymeric alkylating agent and produce an alkylated phenol of as high 

1 ^££8££SSir& cfa^d higher alkylphenols .are nseM m— es 
for the Preparation of novel products. For example by reacting the C i0 and higher 
carbon a^nenT as its alkaft metal salt with a diCchloroalkyl) ether such as di(2- 
dSoroethvn ether, di-(3-chloropropyl) ether, di-(2-chloropropyl) ether, and the Wre » 

30 Sro can be produced p-C. and hi/her alkyl cbloroalkoxyalkyl phenates. Fm ; example, 
pSypropeny?) phenol whose pofypropenyl group has a molecular weight of 798 
Ld a Q- size is reacted with sodium hydroxide in equimolecular P™?™^*™* 
the sodium C- alkyl phenate. This sodium phenate is reacted with an eqmmolar 
amount T/3-dlchlo^ethyl ether at 320 to 340°F. Rapid addition of ^eWoroethyl 40 

40 ether all at one time, provides a polymeric product through reaction of one chlorine 
wim the sodium phenate and dehydrochlorination of thesecond chloroethyl group .thus 
forming vinyloxyethyl G,, alkyl phenate monomer ^\ff^^ B £j^$i 
slower addition of S-dichloroethyl ether can produce 2,2-di i^SSS^fS 45 

,< ether and especially when less than equimolar amounts, of ^chloroethy^er are J> 
emmoved Very slow addition of ,fl-dichloroethyl- ether results m the formation of 
TS Si Ichloroethoxyethyl phenate. The latter can be reacted vnthanmtoma, 
prtaary aSyl amines, diaminodkLes and aza-alkylene-amines such ai ^ diethyl mamge 
and triethviene tetramine to insert nitrogen contammg bridges linking two augi 
DhenatesXough a chain having nitro|en-alkoxyalkyl ether groups For example, 5C 

50 amrnonfa and [plenary alkyl aminl reacted with ,0-chloroethoxyethyl Q T alkyl phenate 
can produce: 

R 



when R is H the reactant is ammonia and where R is alkyl the reactant is primary alkyl 
55 awiD %, so ^ c and higher carbon content alkyl phenols of this invention can be 

reacte^wiAeSess in the presen^of ^^^^Sf^ 
compounds having both phenol hydroxy groups and alkanol hydroxy groups as in 



55 
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H0-CH 2 - 




-CH 2 




-CH 2 




-m 2 m 



10 



15 



20 



(H) 

where n is 0 to 5. 

Such compounds can be further reacted by taking advantage of selectivity of 
reactions common to lower alkanols, either or both of the — CH 2 OH groups, and then 
reacted to form phenate derivatives through reaction of the phenol hydroxy group. 
For example 2,6-di(2-hydroxy > 3-methyiol > 5-C 57 alkylbenzyl) 4^C 5T alkylphenol (n is 3 
of Formula II) can be reacted with adipic acid or terephthalic acid in equimolecular 
portions to form high molecular weight saturated polyesters. Such polyesters can be 
crosslinked by reacting with a diacid chloride of a dicarboxylic acid. 

The C- 0 and higher alkylphenol s of this invention can be reacted with one or more 
moles of alkaline earth oxide or hydroxide to form the neutral and over based alkali 
metal salts. For example, the reaction of one mole Q T polypropenylphenol with 1.6 
moles barium hydroxide produces the corresponding barium phenate having 33% 
more barium than the exactly neutral barium phenate. Such a high based barium 
phenate can be used as an antioxidant in crankcase lubricating oil formulations and 
also provide alkalinity to neutralize acidic combustion products. The high based 
barium Q 7 polypropenyl phenate can also be reacted with an olefin oxide such as 
ethylene oxide to form barium containing polyglycolate derivatives of the C s7 poly- 
propenylphenol. These barium polyglycolate derivatives of the Cj 0 and higher alkyl 
phenols are useful as detergent-dispersants in crankcase lubricant oil formulations. 
Examples of such a barium polyglycolate derivative are 



8(cn 2 cn 2 8} 3 tBa)2/ 3 




(in) 



Cs73lkyl 
AND 

0(CH 2 CH 2 0) 2Q {BaJ 2/ 3 




10 



15 



20 



(IV) 

25 Compound IV prepared by adding ethylene oxide to a 48% solution of high 

based barium Q 7 polypropenylphenol in solvent-extracted SAE 5W grade oil (solution 
contains 4.7% barium and has a total base number of 36.8) at 330<?F. until 20 moles 
of ethylene oxide per mole of the barium phenate are taken up. The resulting product 
is grease-like and contains 12.55 % oxygen and 3.2% barium. This is a novel grease. 

30 The C 5r) and higher alkylphenols of this invention can be converted to an alkali 

metal phenate and then reacted with carbon dioxide to form the corresponding alkali 
metal Q„ and higher salicylate which upon acidification yields the C 50 arid higher 
salicylic acid. For example^ one mole sodium p-Q 7 polypropenyl phenate is reacted 



arid. CO, ., 150 pounds p« n«™ inch a. WF* fjfSdfM * S^S 
ip T u r higher alkvlohenols of this invention and the C 50 and nigner saucyuw 

groups to form hydroxy Q f0 and nigner-aii^ioen^yi : ^ ' "-17, «*«nprrivelv These 
u^mvrr r and hio-her alkvlbenzyl substituted amines, respectively, mcac 

with antioxidant properties for lubricant od formulations .Tins «a««^ ™F 
10 fully disclosed and described in our copending Application No. 37002/66 (Serial jno. 

1,159,369). 



T^SS^PWhig a substantially aliphatic olefin hydrocarbon polymer 
(as ^^d£JS^^d Phenol having in the polymer substa a .number 
£5a^ coBtenc^crf at least 50 carbon atoms which «*W 
with a substantially aliphatic olefin polymer hydrocarbon (as to ^^% e 
aSvlatin- a-ent having 50 to 20,000 carbon atoms m the presence of BF 3 m the 
SSVl to 11 mSle thereof and from 1 to 4 moles of phenol per mob of wd 
polymer alkylating agent at a temperature in the range of from 30 to 180°F. and ^ 
*0 hereafter removing BF 3 and unreacted phenol from the reaction product 

2 The process of Claim 1 wherein BF 3 is removed by water washing of the 
reaction prXcT^eacted phenol is removed by distillation and the BF 3 and phenol- 
free fraction product is M ^ ^ ^ {$ ^ ^ ^ ^ ^ 

25 solid ammonia-BF, neutralization product is agglomerated, unreacted phenol is removed 
by %Sn of stem, and the resulting mixture is dried at a f»P^ < *^ 2 ^; 
and 4e agglomerated solid ammonia-BF= neutralization product is removed by filtra- 



tion. 



atoms. 



10 



40 



4. The process of Claim 3 wherein the removal of water is aided by injecting an 3Q 

*0 inert sas into said heated mixture. , . 

5 The process of Claim 1 wherein BF 3 is neutralized with ammonia, unreacted 

phenoi is removed by distillation at 350 to 500°F. aided by 

which the solid ammonia-BF. particles agglomerate, and filtering the phenol free 
reaction product to remove said solid ammonia-BF 3 product 35 
35 6 The process of Claim 5 wherein the substantially aliphatic olefin polymer 

alleviating agent is polyisobutylene of a number average molecular weight in the range 
of 700 to 2800, and the amount of phenol is 2.0 to 4.0 moles per mole of polyiso- 

bUtyI ^The process of Claim 1 wherein the substantially aliphatic olefin alkylating 
40 agent is polypropylene of a number average molecular weight m the range of 70O 

t0 °The process of Claim 1 wherein a C 5 to C alkane hydrocarbon is employed as 

a reaction diluent. , f - - . 

9. The process of Claim 5 wherein a mineral hydrocarbon oil of the grade in 
45 the range represented by white mineral oil to solvent extracted SAE 10 mineral oil « 
is employed as a reaction diluent. - . - * - ~~ . . 

10 A substantially aliphatic olefin hydrocarbon polymer (as herein defmedh 
substituted phenol having a polymer substituent which is derived from a rnono-olefin 
and which has a number average carbon content in the range of 50 to 20,000 caroon 

50 atoms.^ ^ substituted phenol of Claim 10 wherein said polymer substituent is a 
polyisobutylene of a number average carbon content in the range of 50 to 200 carbon 



50 



12. The p-nolypropenyl substituted phenols having a number average molecular 
55 weight of froin 854 to 1140. m JJ 

13. The p-polybutenyl substituted phenols having a number average molecular 

weight in the range of 933 to 2358. m 

14. A composition comprising a substantially aliphatic olefin hydrocarbon polymer 
fas hereinbefore definedVsubstituted phenol having in the polymer substituent a carbon 

60 content in the range of 50 to 200 carbon atoms and a diluent comprising a substantially 
saturated aliphatic hydrocarbon polymer having a number average carbon content in 
the range of" 50 to 200 carbon atoms said diluents being present in the range or 15 to 
50 weight per cent of the composition. 
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15. A solution comprising the composition of Claim 14 dissolved in a mineral 
oil of the grade range of from white oil to solvent extracted SAE 10 present in an 
amount in the range of 25 to 50 weight per cent of the solution. 

16. The composition of Claim 15 wherein the solvent is solvent extracted SAE 5 

5 grade mineral oil. 5 

17. A process according to Claim 1 for producing C 30 and higher substantially 
aliphatic hydrocarbon substituted phenols substantially as disclosed and exemplified 
herein. 

18. A C so and higher substantially aliphatic hydrocarbon substituted phenol 

10 whenever made by processes according to any of Claims 1 to 9, and 17. 10 

For the Applicants: 
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